Heat conduction in lower-dimensional lattice models and its underlying dynamical mechanisms by 熊大兴
Æ?èµ10384 ©aÒ ?
ÆÒµ19820070153911 UDC
Æ ¬ Æ   Ø ©
$¬.9D5Æ9Ù*Ån
ïÄ
Heat conduction in lower-dimensional lattice
models and its underlying dynamical mechanisms
=  ,
6¶: ë õ Ç
;  ¶ ¡: n Ø Ô n
Ø©JFÏ: 2010 c 9 
Ø©FFÏ: 2010 c 9 















































































































































































































To understand the statistical behavior of a macroscopic system in terms of
the dynamics of its microscopic components is a long-standing fundamental chal-
lenge. This thesis is an attempt to obtaining some insights into this problem. In
particular, two issues having received extensive and intensive studies in recent
years are investigated: One is the energy transport in lower-dimensional, i.e.,
one-dimensional (1D) and two-dimensional (2D) lattice models and another is
the multi-state feedback neural networks.
For the energy transport, a well-known theorem is the Fourier law. It states
that, in macroscopic scale materials, the heat flux J is proportional to the tem-
perature gradient, i.e., J = −κ∇T , where the constant κ is known as the heat
conductivity. This law has been witnessed a great success over the past 200 years.
However, as an empirical law, its microscopic dynamical mechanisms have not
been fully understood yet. At present two important theories have been devel-
oped; i.e., the mode-coupling theory and the hydrodynamics approach to this
topic. Both predict that for lower-dimensional momentum conserving systems,
the heat conductivity diverges with the system size in a power (logarithmic) law
in 1D (2D) but remains finite in 3D systems (i.e., only the case of 3D obeying
the Fourier law). Indeed, there have been strong numerical evidences that in
the 1D Fermi-Pasta-Ulam (FPU) system – a paradigm of momentum conserv-
ing system – the heat conductivity would diverge in a power law. Meanwhile
the more recent numerical study of 3D FPU lattice has shown a nondiverging
heat conductivity. However, the theoretical prediction for the 2D case has not
been confirmed yet. In fact, the existing studies in 2D case are quite contradic-
tory. Some suggest the logarithmic law but others support the power law. In
this thesis, we will point out that the controversies on the 2D FPU system may
arise from the ambiguity dimensionality of the lattice models adopted in previous














dimensionality is definitely 2D. In one limit case of this model, we find the heat
conductivity diverges with system size in a logarithmic law, which is consistent
with the theoretical prediction for 2D lattice systems. In addition, by adjusting
the parameters of the disk model, one can use it to model the point-to-surface
contact problems, and find a diverging law different from the logarithmic law.
This property may provide a useful guide to the point-to-surface experiments
in laboratories, especially those for measuring the heat conduction of graphene
flakes.
We also study the heat conduction in 1D lattice model with next-nearest-
neighbor (NNN) coupling. For 1D lattice models, recently much attention has
been focused on the question that whether there exists a universal power-law
diverging exponent. We find that the exponent has a non-monotonic dependence
on the NNN coupling strength; this is because the NNN coupling governs the
dynamics of the system, resulting in different microscopic mechanisms for the
heat conduction.
The second part of this thesis focuses on the designing and the dynamical
properties of the multi-state Potts-glass feedback neural networks. Neural net-
works with associative memories have been proved to have potential application
in many fields such as pattern recognition, image manipulation, optimization
problems, and so on. However, in some problems, e.g., image recognition, the
two-state neural network has a serious limitation as it can only be used to deal
with the monochrome patterns. In order to store and retrieve the gray-toned
patterns, neurons with multiple states are required. Potts-glass model is one of
the most important models in multi-state neural networks. For theoretical stud-
ies, the Potts-glass model is significant as a generalization of the Potts model
well-known in statistical physics. For practical applications, this model has been
found especially useful in dealing with multi-class classification tasks due to its
great storage capacity. However, studies of the designing and the dynamical
properties of the Potts-glass model are still limited. Motivated by these, we in-
troduce the pseudo-inverse (PI) to the multi-state Potts-glass model, study its














clusion is that the performance of the Potts-glass model can be greatly improved
by introducing the PI rule. In addition, we find that regardless of the learning
rules, in the multi-state Potts-glass neural networks there is a common novel
dynamical phase in which the spurious memories are completely suppressed. Be-
sides, we also design the asymmetric Potts-glass neural network based on the
Monte Carlo adaptation (MCA) rule, and present some preliminary results on
its dynamical properties. Finally, in order to have a deeper understanding on the
neural network dynamics, we study the eigenvalue spectrum of neural networks
and find a close relation to the network dynamics.
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